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FDVHRIFROGVWDUWXSUHSRUWHGGDWDIRUKDYHEHHQFROOHFWHGDFFRUGLQJWRUHDOILHOGWHVWLQJRIWKH*7>@$VVKRZQ
LQILJXUH/06SURYLGHVIXOOORDGRSHUDWLRQLQQHDUO\PLQXWHVIURPDFROGVWDUWXSDQGWKHDELOLW\WRVWDUWDQG
VWRSLQVKRUWPLQXWHF\FOHV)RUDGHHSO\GHVFULSWLRQRI*7VFRQVWUDLQVDQGPRGHOOLQJVHH>@
3XPS+\GUR6WRUDJHPRGHO
7KH3+6SODQWXVHVD)UDQFLVUHYHUVLEOHSXPSWXUELQHZLWKYDULDEOHVSHHG7KLVVROXWLRQRIIHUVWKHODUJHVWVSHHG
YDULDWLRQ UDQJH EXW LW QHHGV SRZHU HOHFWURQLFV GHVLJQHG IRU WKH UDWHG SRZHU RI WKH WXUELQH )RU D YDULDEOH VSHHG
SXPSWXUELQHSRZHULQSXWFDQEHUHJXODWHGEHWZHHQDQGZKLOHLQJHQHUDWLRQPRGHWKHSRZHURXWSXWFDQ
EH UHJXODWHG EHWZHHQ  DQG  FRQVLGHUDEOH ZLGHU RQ WKH UHVSHFW RI W\SLFDO FRQVWDQW VSHHG SXPSWXUELQH
UHJXODWLRQ UDQJH >@ 7KH FKDUDFWHULVWLF WLPH VFDOHV RI WKH FKRVHQ UHYHUVLEOH )UDQFLV SXPSWXUELQH DUH L IXOO
JHQHUDWLRQLQOHVVWKDQVHFRQGVLLIURPJHQHUDWLQJWRSXPSLQJDQGYLFHYHUVDLQPLQXWHV7KH
HIILFLHQFLHVRI WKH UHYHUVLEOH)UDQFLV XQLW IRU VDNHRI VLPSOLFLW\ LQ WKLV VWXG\DUH VXSSRVHGFRQVWDQWDQGHTXDO WR
 DQG  IRU SXPS DQG WXUELQH UHVSHFWLYHO\ 7KHVH YDOXHV LQFOXGH WKH DOO V\VWHP ORVVHV LH SHQVWRFN
ORVVHV7KHPDLQFKDUDFWHULVWLFVRIWKH3+6V\VWHPDVVXPHGLQWKHVWXG\DUHUHSRUWHGLQ7DEOH$FFRUGLQJWRWKH
DVVXPHGGLVSDFKDEOHZDWHUYROXPHWKHIXOOSRZHUGLVFKDUJHWLPHLVDERXWHOHYHQKRXUV
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7DEOH'DWDRIJDVWXUELQHVDW,62FRQGLWLRQV>@
 *HQHUDO(OHFWULF
*(/06
6LHPHQV
6*7)
0D[LPXPSRZHURXWSXW >0:@  
0LQLPXPSRZHURXWSXW   
5DPS5DWH>0:PLQ@  
*7/+9QRPLQDOHIILFLHQF\ >@  

7DEOH9DOXHVRIWKHPDLQSDUDPHWHUVRIWKHUHYHUVLEOH)UDQFLVSXPSWXUELQH
 3XPS 7XUELQH
0D[LPXP3RZHU >0:@  
0LQLPXP3RZHU >0:@  
9ROXPHWULFIORZUDWH>PV@  
(IILFLHQF\>@  
0D[LPXPZDWHUYROXPHLQVLGHUHVHUYRLU>P@ 9850$;
0LQLPXPZDWHUYROXPHLQVLGHUHVHUYRLU>P@ 9850$;
'LVSDWFKDEOHYROXPH>P@ 
6XUIDFHRIUHVHUYRLUV>NP@ 
0D[LPXPZDWHUKHLJKWLQVLGHUHVHUYRLU>P@ 
$OORZHGZDWHUKHLJKWYDULDWLRQ >P@ 
5HJXODWLRQ6WUDWHJLHV&XVWRPYV'\QDPLF3URJUDPPLQJ
(DFK VWXG\ KDV EHHQ UHIHUUHG WR  PLQXWHV GDWD HTXDO WR WKH WLPH UHTXLUHG IURP  JHQHUDWLQJ WR 
SXPSLQJDQGYLFHYHUVD7KHJDSRIPLQXWHVLVHTXDOWRWKHUHTXLUHGWLPHWRVWDUWXSDWPLQLPXPSRZHURXWSXW
WKH$(52JDVWXUELQH7KHJDSSHUPLWVWRQHJOHFWWKH*7VUDPSUDWHOLPLWV
&XVWRPVWUDWHJ\
7KH FXVWRP VWUDWHJ\ DOJRULWKP GHYHORSHG DQG DVVXPHG IRU WKH FDOFXODWLRQ RI *7V DQG 3+6 RSHUDWLRQ LV
VFKHPDWLFDOO\ SUHVHQWHG LQ ILJXUH  D DQG E 7KH FRQWURO VWUDWHJ\ KDV EHHQ LQWURGXFHG LQVLGH DQ LQKRXVH
FDOFXODWLRQFRGHGHYHORSHG LQ9%6FULSW ODQJXDJH WKHFDOFXODWLRQFRGH UHFHLYHVDV LQSXW ORDGDQGZLQGSRZHU
RXWSXWSURILOHVDQGLQWHJUDWHGV\VWHPFRQILJXUDWLRQLHW\SHDQGQXPEHURI*7VW\SHDQGQXPEHURI3XPSWXUELQH
HIILFLHQF\ RI*7V DW SDUWLDO ORDG HIILFLHQF\ RI SXPSWXUELQH IXHO FRQVXPHG IRU VWDUWXS SURFHGXUH HWF:KLOH
FRGH SURYLGHV DV RXWSXW *7V DQG 3+6 SRZHU RXWSXW SURILOHV GXULQJ WKH GD\ DORQJ ZLWK ZDWHU EHKDYLRU LQVLGH
UHVHUYRLUVWKHDPRXQWRIQDWXUDOJDVFRQVXPHGIRU*7VRSHUDWLRQLQFOXGLQJVWDUWXSDQGVKRXWGRZQSURFHGXUHVHWF
)RUHDFKWLPHVWHSFRQVLGHUHGNWKHFXVWRPVWUDWHJ\ILUVWO\HYDOXDWHVWKHGLIIHUHQFHEHWZHHQZLQGSRZHURXWSXW
3:DQG ORDGGHPDQG/ LIZLQGSRZHU LV ORZHU WKDQJULGUHTXHVW WKHQZDWHUYROXPHLQVLGH WKHXSSHU UHVHUYRLU
985QHHGVWREHKLJKHUWKDQWKHPLQLPXPYDOXHWRXVHWKHK\GURWXUELQHRI9850$;,I WKHK\GURWXUELQH
FDQQRWEHXVHG 37  WKHJDV WXUELQHVDUH WXUQHGRQ WRPHHW WKHSRZHURXWSXW UHTXHVWHG 3*7V!2WKHUZLVH LQ
FDVHRIZLQGRYHUSURGXFWLRQ 3Z!/  WKH VXUSOXVRISRZHURXWSXWFDQEHXVHG WRSXPSZDWHU IURP WKH ORZHU WR
XSSHU UHVHUYRLU EXW WKH RYHUSURGXFWLRQ SRZHU RXWSXW QHHGV WR EH KLJKHU WKDQ WKH PLQLPXP SXPS SRZHU 3SPLQ
UHTXHVWHG7KLV LV SRVVLEOH RQO\ZKHQ WKHZDWHU YROXPH LQ WKHXSSHU UHVHUYRLU LV ORZHU WKDQ WKHPD[LPXPZDWHU
YROXPH 9859850$; ,Q FDVH RI *7V RSHUDWLRQ DV VFKHPDWLFDOO\ UHSRUWHG LQ ILJXUH  E D VSHFLILF FRQWURO
VWUDWHJ\KDVEHHQGHYHORSHGLQRUGHUWRWDNHLQWRDFFRXQW*7VOLPLWDWLRQVLQPLQLPXPWXUQGRZQUDWLRDQGGLIIHUHQW
*7V/9+HIILFLHQF\DWSDUWORDGVHHILJXUH*7VFRQWUROVWUDWHJ\ZDVLPSOHPHQWHGE\FKRRVLQJDVPDQ\XQLWVDV
SRVVLEOHDWIXOOORDGUDWKHU+'*7WRPHHWWKHUHTXHVWHGSRZHURXWSXW7KHGLIIHUHQFHZDVSURYLGHGE\XQLWVWKDW
FRXOGPHHWSDUWLDOORDGFDOOHGE\ZLQGYDULDWLRQV

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
)LJ&XVWRPFRQWUROVWUDWHJ\LPSOHPHQWHGLQVLGHWKHFDOFXODWLRQFRGHIRULQWHJUDWHGV\VWHPDDQGIRUJDVWXUELQHXQLWVE
'\QDPLF3URJUDPPLQJ
7RDVVHVV WKHSHUIRUPDQFHRI WKHSUHYLRXVO\GHVFULEHGFXVWRPHQHUJ\PDQDJHPHQW VWUDWHJ\DQRSWLPDOFRQWURO
SURFHGXUHKDVEHHQGHYHORSHGEDVHGRQ WKH'\QDPLF3URJUDPPLQJ '3 VHH >@$WHDFK WLPHVWDJHN WKH
GLVWXUEDQFH YHFWRUሬሬሬԦ୩LV FRPSOHWHO\ NQRZQ IRU WKH GHILQHG WLPH KRUL]RQ ZKLFK LV D VHW RI FRQVHFXWLYH GD\V ,W
FRPSULVHV WKH LQVWDQWDQHRXV WRWDOSRZHUUHTXHVWHGIURPWKHJULGܮ୩DQG WKH LQVWDQWDQHRXVSRZHUSURYLGHGE\ WKH
ZLQGIDUP୛ǡ୩VXSSRVHGWREHNQRZQIRUWKHHQWLUHFRQWUROPLVVLRQ

ሬሬሬԦ୩ ൌ ൣܮ୩ǡ ୛ǡ୩൧ሺʹሻ

7KH DSSOLFDWLRQ RI WKH '3 SURFHGXUH WR WKH SURSRVHG HQHUJHWLF V\VWHP ZDV GHYHORSHG LQ WKH IUDPHZRUN RI D
JHQHULF '30$7/$% IXQFWLRQ >@ 7KH G\QDPLF V\VWHP PRGHO LV FRPSOHWHO\ GHILQHG E\ WKH FKRLFH RI VWDWH
YDULDEOHV YHFWRUሬԦ୩  FRQWURO LQSXWV YHFWRUሬԦ୩  FRVW IXQFWLRQ H[SUHVVLRQ FRQVWUDLQWV DQG LQIHDVLELOLWLHV 7KH VWDWH
YDULDEOHV DQG FRQWURO LQSXW YHFWRUV IRU WKH JHQHULF WLPH VWDJH N FDQ EH H[SUHVVHG DV IROORZV
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
ZKHUH ௜ܵǡ௞ LV D GLVFUHWH YDULDEOH  WKDW UHIHUV WR WKH FXUUHQW VWDWH RI WKH VLQJOH HQHUJ\ FRQYHUWHU XQLW +'
$(523+6ZKHUHDV ௜ܵǡ௞ାଵLQGLFDWHVLWVVWDWHDWWKHQH[WWLPHVWDJHRIWKHFRPSXWDWLRQ7KLVLGHDFRPELQHGZLWK
WKH FKRLFH RI D FRPSXWDWLRQDO WLPHVWHS WV  PLQ WKDW HQVXUHV WKDW HDFK RI WKH WZR W\SHV RI JDV WXUELQHV FDQ
FRPSOHWH WKH UHODWLYH VWDUWXS SURFHGXUH DOORZV DFFRXQWLQJ IRU WKH IXHO FRQVXPSWLRQ DPRXQW DVVRFLDWHGZLWK WKH
VLQJOHSRZHUXQLWFKDUDFWHULVWLFV,IWKHWXUELQHLVRQWKHLQSXWYDULDEOH ௜ܲǡ௞SURYLGHVWKHYDOXHRIWKHFRQVWDQWSRZHU
GHOLYHUHGIRUWKHHQWLUHWLPHVWHSGXUDWLRQ7KLVPRGHOOLQJDSSURDFKZLWKWKHXVHRIGLVFUHWHYDULDEOHVWRGHILQHWKH
SRZHUXQLWVWDWHVDQGUHODWLYHO\ODUJHWLPHVWHSKHOSVNHHSLQJWKHFRPSXWDWLRQDOWLPHDFFHSWDEOHZKLOHVWLOODOORZLQJ
WKHPRGHO WRFDSWXUH VRPH LPSRUWDQWSK\VLFDODVSHFWVRI WKHSUREOHP VXFKDV WKH OLJKWRIIFRQVXPSWLRQVDQG WKH
PD[LPXP SRZHU UHDFKDEOH LQ D VLQJOH WLPHVWHS ZKHQ VWDUWLQJ IURP RII FRQGLWLRQV 7KH DOWHUQDWLYH FKRLFH RI
XWLOL]LQJ ௜ܲǡ௞DQG ௜ܲǡ௞ାଵZRXOGOHDGRQRQHKDQGWRWKHFKDQFHRIIUHHO\UHGXFLQJWKHFRPSXWDWLRQDOWLPHVWHSZKLOH
RQWKHRWKHUKDQGLWZRXOGUHTXLUHDVWURQJO\LQFUHDVHGQXPEHURIEUHDNSRLQWVWRGHVFULEHDFRQWLQXRXVLQSXWVXFKDV
SRZHUZLWKRXWXQDFFHSWDEOHQXPHULFDOHUURUV,Q'3WKHQXPHULFDOHIIRUWLQFUHDVHVH[SRQHQWLDOO\ZLWKWKHQXPEHU
RIYDULDEOHVDQGWKHLUUHVROXWLRQ$VLPLODUVWDWHLGHQWLILHULVDGRSWHGIRU3+6:KHQWKHSXPSK\GURVWRUDJHV\VWHP
LVRQZKHWKHULWRSHUDWHVLQSXPSLQJPRGHRUWXUELQHPRGHLWVSRZHULVFDOFXODWHGE\GLIIHUHQFH

௉ܲுௌǡ௞ ൌ ܮ୩ െ ൫ ௐܲǡ௞ ൅ ுܲ஽ǡ௞ ൅ ஺ܲாோைǡ௞൯ሺͶሻ

7KHZDWHUKHLJKWܪ௞G\QDPLFVFDQEHFDOFXODWHGRQFHWKHYROXPHWULFIORZ ሶܳ ௉ுௌǡ௞LVGHWHUPLQHGWKXVLPSO\LQJD
JLYHQYROXPHYDULDWLRQRIWKHVWRUHGZDWHUPDVV
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ሺ͸ሻ

7RSUHYHQW WKH RSWLPL]HG SROLF\ WR FRPSOHWHO\ GLVFKDUJH WKHZDWHU UHVHUYRLU D FRVWPXVW EH DVVRFLDWHG WR WKH
YDOXHDVVXPHGE\WKHHQHUJ\OHYHORIWKHZDWHUPDVVVWRUHGDWWKHHQGRIPLVVLRQ,QGHHGWKHFRVWIXQFWLRQGHILQHG
E\ZRXOGEHOLNHO\WREHPLQLPL]HGRYHUWKHSUHVFULEHGPLVVLRQE\DVWUDWHJ\WKDWWHQGVWRGLVFKDUJHWKHHQHUJ\
EXIIHU DV PXFK DV SRVVLEOH ZKLOH IXOILOOLQJ WKH FRQVWUDLQWV RI SRZHU FRQVWUDLQWV IRU HYHU\ SRZHU XQLW 6HYHUDO
WHFKQLTXHVKDYHEHHQGHYHORSHGWRGHDOZLWKLVVXHVUHODWHGWRSUREOHPVZLWKKDUGFRQVWUDLQWRQ WKHILQDOVWDWHV,Q
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>@ DQ HIILFLHQW DOJRULWKP SURYHG LWV HIIHFWLYHQHVV IRU SUREOHPVZLWK RQO\ RQH VWDWH YDULDEOH ,Q WKH FRQVLGHUHG
SUREOHP DPRUH VWUDLJKWIRUZDUG DSSURDFK LV LPSOHPHQWHG2QFH WKH VWDWH RI HQHUJ\଴DVVRFLDWHGZLWK WKH LQLWLDO
ZDWHUKHLJKW଴DQGWRLWVUHODWLYHVWRUHGZDWHUPDVVୟ଴LVNQRZQFDOFXODWHGDV

଴ሺ଴ሻ ൌ ୟ଴ ή  ή ଴ ൌ ɏୟ ή  ή ሺ଴ െ ୫୧୬ሻ ή  ή ଴ሺ͹ሻ

6LPLODUO\DK\GUDXOLFHQHUJ\DPRXQW୧୤ሺ୧୤ሻ ൌ ɏୟ ή  ή ሺ୧୤ െ ୫୧୬ሻ ή  ή ୧୤FDQEHDVVRFLDWHGWRHYHU\SRVVLEOH
YDOXHRIWKHILQDOZDWHUKHLJKWVWDWH୧୤ZLWKL 1GLVFUHWHYDOXHVIRUܪ௞LQWKH'3SURFHGXUHZKLFKLVDOVRWKH
ILUVWFRPSXWDWLRQDOVWHSRIWKHRYHUDOOWLPHEDFNZDUGFDOFXODWLRQ8QGHUWKHVHK\SRWKHVLVDIXHOHTXLYDOHQWFRVW୒୧
FDQEHDWWULEXWHG WRDQ\JLYHQZDWHUKHLJKWYDOXH୧୤DW WKHHQGRI WKH WLPHKRUL]RQGXH WR WKH LQWURGXFWLRQRIDQ
HTXLYDOHQFHIDFWRUVGHILQLQJDQDSSUR[LPDWHFRUUHVSRQGHQFHEHWZHHQIXHOFKHPLFDOHQHUJ\DQGK\GUDXOLFHQHUJ\

୒୧ሺ୧୤ሻ ൌ כ ή  ൫଴ሺ଴ሻ െ ୧୤ሺ୧୤ሻ൯ ܮܪܸΤ ሺͺሻ

7KHHTXLYDOHQFHIDFWRUVKRXOGWDNHLQWRDFFRXQWWKHHIILFLHQFLHVRIWKHV\VWHPLQYROYHGUHVSHFWLYHO\GXULQJWKH
FKDUJLQJRUGLVFKDUJLQJRSHUDWLRQV,IWKHILQDOHQHUJ\VWRUHGLQWKHK\GUDXOLFEXIIHULVORZHUWKDQWKHLQLWLDORQHD
FHUWDLQDPRXQWRIIXHOPXVWEHWDNHQLQWRDFFRXQWQHHGHGWRUHFKDUJHWKHVWRUDJHV\VWHPLQIXWXUHRSHUDWLRQVXSWR
WKH LQLWLDO YDOXH 7KH RSSRVLWH FRQGLWLRQ RI RYHUFKDUJLQJ DW WKH HQGRIPLVVLRQ LV WUHDWHG E\ PHDQV RI VLPLODU
FRQVLGHUDWLRQV7KHRXWFRPHRIWKHODWWHUPRGHOL]DWLRQLVWKHXVHRIWZRGLVWLQFWYDOXHVIRUVRQHIRUSRVLWLYHDQG
WKHRWKHURQHIRUQHJDWLYHHQHUJ\LPEDODQFH

כ ൌ ቊୢ୧ୱ ൌ ͳ ൫Ʉ୥୲ǡୡതതതതത ή Ʉ୮൯Τ ǡ଴ሺ଴ሻ ൏ ܧ୧୤ሺ୧୤ሻୡ୦୥ ൌ Ʉ୲ Ʉ୥୲ǡୢതതതതതതΤ ǡ଴ሺ଴ሻ ൐ ܧ୧୤ሺ୧୤ሻ ሺͻሻ

ZKHUH WKH WZRɄ୥୲തതതതUHSUHVHQW WKHZHLJKWHGDYHUDJHHIILFLHQFLHVRI WKH WZRJDV WXUELQHV7KHVHFDQEHFDOFXODWHG
ZHLJKWLQJWKHLQVWDQWDQHRXVHIILFLHQFLHVE\PHDQVRIWKHQXPEHURIWLPHVWKHVLQJOHWXUELQHLVDFWXDOO\XVHG6LQFH
WKHVHYDOXHVDUHQRWNQRZQDSULRULDQLWHUDWLYHSURFHGXUHPXVWEHHVWDEOLVKHGWRPRGLI\WKHILQDOFRVWYDOXHVIRU
HDFK'3UXQXSGDWLQJWKHHTXLYDOHQFHIDFWRUVXQWLODGHVLUHGWKUHVKROGLVDFKLHYHG
,QWHJUDWHGV\VWHPUHVXOWV
7KHWUDFHVRIUHDOL]HG*7VSRZHUIRUWKHVLPXODWLRQRIVHOHFWHGGD\VDUHVKRZQLQ)LJERWKIRU&XVWRPDQG'3
VWUDWHJLHVDORQJZLWKPLQLPXPDQGPD[LPXPSRZHURXWSXWIRUHDFK*7XQLWV:KLOHSXPSDQGWXUELQHRSHUDWLRQDO
SDWWHUQDUH UHSRUWHG LQ)LJDORQJZLWKZDWHU OHYHOEHKDYLRU LQVLGH WKHXSSHU UHVHUYRLU LQ)LJ7KHV\VWHPLV
FDSDEOHRIGHOLYHULQJ0:RIRXWSXWSRZHUIRUGD\VZLWKERWKFRQWUROVWUDWHJLHV
1HYHUWKHOHVV LQWHUHVWLQJGLIIHUHQFHV FDQEHREVHUYHG LQERWK*7V DQG3+6RSHUDWLRQDO SDWWHU EHWZHHQ FRQWURO
VWUDWHJLHV
x )RFXVLQJRQ*7VRSHUDWLRQ'3NHHSV DHURGHULYDWLYHXQLW LQ RSHUDWLRQPRVW RI WKH WLPH DWPD[LPXPSRZHU
ZKLOHKHDY\GXW\*7LVVWDUWHGDWIXOOORDGMXVWIRUDUHVWULFWHGLQWHUYDO
x 2QWKHFRQWUDU\&XVWRPVWUDWHJ\UHJXODWHPRVWRIWKHWLPHDHURGHULYDWLYH*7EHWZHHQPLQLPXPDQGPD[LPXP
SRZHURXWSXWOHDYLQJZKHQLWLVSRVVLEOHKHDY\GXW\RSHUDWLQJFORVHWRIXOOORDGFRQGLWLRQ
x 'LIIHUHQFHV LQ$(52*7RSHUDWLRQDO SDWWHUQV EHWZHHQ FRQWURO VWUDWHJLHV FDQ EH EHWWHU H[SODLQHG IRFXVLQJ RQ
K\GUR WXUELQHSRZHURXWSXWSURILOHV VHH)LJ ,QSDUWLFXODU LW FDQEHREVHUYHG WKDW WXUELQHSRZHUREWDLQHG
ZLWK'3LVDOZD\V ORZHU WKDQ WKDWREWDLQHGZLWK&XVWRP7KLVGLIIHUHQFHFDQEHH[SODLQHGFRQVLGHULQJ WKDW LQ
JHQHUDWLRQ PRGH IRU &XVWRP VWUDWHJ\ SULRULW\ LV DWWULEXWHG WR K\GUR WXUELQH LI XSSHU UHVHUYRLU FRQVWUDLQW LV
UHVSHFWHGOHDYLQJ*7VLIQHFHVVDU\WRFRYHUWKHUHPDLQLQJUHTXHVWHGSRZHU:KLOHWRRSHUDWHZLWKPD[LPXP
SDUWORDGHIILFLHQF\LHPLQLPXPIXHOFRQVXPSWLRQRUOHDYH*7VRII'3VWUDWHJ\OLPLWVIRUPRVWRIGD\DQG
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GD\K\GURWXUELQHSRZHURXWSXW7KLVDOVRH[SODLQWKHUHDVRQZK\LQ)LJZDWHUOHYHOLQXSSHUUHVHUYRLULQ
'3FDVHLVDOZD\VKLJKHUFRPSDUHGWR&XVWRPFDVH


)LJ&XVWRPYV'3FRQWUROVWUDWHJ\UHVXOWV


)LJ&XVWRPYV'3FRQWUROVWUDWHJ\UHVXOWV

x 'XULQJSXPSK\GURRSHUDWLRQVQR VLJQLILFDQWGLIIHUHQFHVFDQEH IRXQGH[FHSWDURXQGPLQXWHDQG
ZKHQ'3LQRUGHUWRLQFUHDVHSDUWORDGHIILFLHQF\RIRSHUDWLYH*7VWDUWVSXPSLQJRSHUDWLRQ
x '3DVH[SHFWHGDOORZV WRPLQLPL]HQDWXUDO JDVFRQVXPSWLRQZLWKD VLJQLILFDQW VDYLQJ FRPSDUHG WR1RGDLO\
OLPLW LQ *7V VWDUWXS QXPEHU KDV EHHQ LPSRVHG IRU ERWK FRQWURO VWUDWHJLHV &XVWRP VWUDWHJ\ WKH WRWDO IXHO
FRQVXPSWLRQGXULQJWKHWLPHKRUL]RQLQFOXGLQJIXHOHTXLYDOHQWWRWKHK\GUDXOLFHQHUJ\DPRXQWVWRUHGLQXSSHU
UHVHUYRLUVHH(TLVHTXDOWRDERXWWRQVDQGWRQVIRU'3DQG&XVWRPVWUDWHJ\UHVSHFWLYHO\

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
)LJ&XVWRPYV'3FRQWUROVWUDWHJ\ZDWHUOHYHOLQVLGHXSSHUUHVHUYRLU
&RQFOXVLRQ
$K\SRWKHWLFDOVLWXDWLRQQDPHO\WKDWRIDSRZHUVXSSOLHURIIHULQJILUPSRZHUXVLQJZLQGIDUPV3+6DQG*7V
ZDV VLPXODWHG'LIIHUHQW GD\V RIZLQG JHQHUDWLRQPXOWLSOH*7XQLW DQG D UHYHUVLEOH SXPSWXUELQH K\GUR VWRUDJH
V\VWHP KDYH EHHQ FRQVLGHUHG 7ZR GLIIHUHQW FRQWURO VWUDWHJLHV KDYH EHHQ DSSOLHG D &XVWRP LQKRXVH GHYHORSHG
VWUDWHJ\ DQG DQ RSWLPDO FRQWURO VWUDWHJ\ EDVHG RQ '3 )RU WKH VHOHFWHG GD\V RI DQDO\VLV *7V SXPS DQG K\GUR
WXUELQHSRZHURXWSXWSURILOHVIXHOFRQVXPSWLRQDQGVWRUDJHUHVHUYRLURSHUDWLRQKDYHEHHQREWDLQHG&RPSDULQJ*7V
DQG3+6RSHUDWLRQDOSDWWHUQVLQWHUHVWLQJGLIIHUHQFHVEHWZHHQVWUDWHJLHVKDYHEHHQREVHUYHGDQGGLVFXVVHG7KHXVH
RI'3 DOORZV WRPLQLPL]H QDWXUDO JDV FRQVXPSWLRQZLWK D VLJQLILFDQW VDYLQJ FRPSDUHG WR&XVWRP VWUDWHJ\ 7KH
PHWKRGRORJ\ XVHG LQ WKLV VWXG\ FDQ EH JHQHUDOL]HG WR RWKHU FDVHV RI LQWHJUDWLRQ EHWZHHQ UHQHZDEOH VRXUFHV DQG
SURJUDPPDEOHSRZHUXQLWVXVHGWRPDQDJHUHQHZDEOHYDULDELOLW\
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